Land clearing by fire in Equatorial Asia, a substantial fraction for conversion to 32 oil palm plantations, can lead to high smoke concentrations across this densely populated 33 region and represents a serious public health concern. Here we use the adjoint of the 34
Introduction 54 55
Global palm oil production has more than doubled since 2000 in response to 56 soaring demand [FAO, 2013] . Indonesia and Malaysia together account for 86% of the 57 by the smoke (e.g., Jakarta), while others are heavily affected (e.g., Singapore). This 78 difference in impact has important political implications for land management, but also 79 suggests opportunities, as some potential oil palm development regions (western Borneo, 80 northern Sumatra) might lead to much smaller overall population exposure to smoke than 81 other regions (southern Sumatra). The analysis below using the adjoint of the GEOS-82 Chem chemical transport model (CTM) allows us to identify where fires could most 83 effectively be restricted to reduce population exposure and to readily determine the air 84 pollution exposure associated with any future land management scenario. 85 86
Methods 87 88
The GEOS-Chem CTM is driven by Goddard Earth Observing System (GEOS-5) 89 assimilated meteorological data from the NASA Modeling and Assimilation Office 90 (GMAO). The data have a native horizontal resolution of 0.50° x 0.67° with 72 pressure 91 from the GFED3 inventory [Giglio et al., 2010 following a 1-year initialization. As shown in Figure 1 Smoke concentrations in GEOS-Chem are proportional to the fire emissions so 133 that the total smoke PM(x R , t') concentration at receptor site x R and time t' is given by 134 135
where E(x, t) is the emission flux (g m -2 s -1 ) at location x and time t < t', t o is the 137 beginning of the fire season, and the spatial integration is over the entire emitting domain.
over the entire Equatorial Asian domain (i.e. ∂ (t')/∂E(x, t)). 144 145
Results and Discussion 146 147
Figure 3 shows the sensitivities of mean smoke concentrations during July -148
November 2006 to the mean emissions over the same time period for four receptor sites 149 (Singapore, Jakarta, Palembang, and the population-weighted region). The sensitivities 150 highlight the difference in exposure to the same emissions, but in different locations, and 151 they are very different for the receptor sites shown. Singapore is particularly sensitive to 152 fires in southeastern Sumatra. Jakarta has no sensitivity to fires in Sumatra or Borneo but 153 high sensitivity to fires in Java and islands to the east. The population-weighted smoke 154 concentration is much more sensitive to fires in Sumatra than in Borneo. It is most 155 sensitive to fires in Java but fire activity there is low. 156
The sensitivities computed in this manner for selected receptor sites can be 157 combined with knowledge of emission patterns to immediately deduce the smoke 158 concentrations at the receptor site and the contributions from different source regions. 
and 63% of the smoke concentration to which the ensemble of the Equatorial Asian 167 population was exposed. Preventing fire emissions in Southeast Sumatra would be of 168 considerable benefit to Singapore and also benefit the region as a whole. 169
The adjoint sensitivities can be readily applied to any future emission scenario to 170 
